Spontaneously hypertensive rats (SHR) and nonnotensive Wistar-Kyoto ("WKY") rats are frequently employed in experimental studies of hypertension. Although both SHR and WKY rat strains have been presumed to be fully inbred, recent studies have revealed important biologic variability in WKY rats from different commercial sources. Genealogk evidence suggests that, in the United States, breeding stocks of WKY rats may have been distributed to major commercial suppliers as early as the F10 generation. To test the hypothesis that commercially available WKY rats are genetically heterogeneous, we performed deoxyribonucleic acid (DNA) "fingerprint" analysis on genomic DNA of WKY rats from two of the largest vendors in the United States, Taconic Farms and Charles River Laboratories. We found molecular evidence of genetic variability not only among WKY rats from two different breeding facilities, but also among WKY rats within a single breeding facility (Taconic Farms). Although some studies have suggested the possibility of biologic variability in SHR from different sources, preliminary studies have not revealed molecular evidence of genetic heterogeneity in SHR from these vendors. In demonstrating genetic variability in WKY rats from different sources, the current study provides compelling evidence that rats designated WKY do not constitute an inbred strain. Accordingly, the results of studies in which SHR and WKY rats are compared might vary because of genetic heterogeneity in "the WKY rat control strain." (Hypertension 1989; 13:188-192) T he spontaneously hypertensive rat (SHR), initially bred in Kyoto, Japan, is the most widely studied experimental model of human essential hypertension.
T he spontaneously hypertensive rat (SHR), initially bred in Kyoto, Japan, is the most widely studied experimental model of human essential hypertension. 12 Over the past 2 decades, numerous investigators have studied the pathogenesis of spontaneous hypertension by comparing SHR with normotensive Wistar-Kyoto rats (the so-called "WKY" strain) with respect to an enormous variety of physiological and biochemical characteristics. 2 Although both SHR and WKY rat strains have been presumed to be fully inbred, 3 recent studies have revealed important biologic variability in WKY rats from different commercial sources. 45 Furthermore, genealogic evidence suggests that, in the United States (and perhaps elsewhere), breeding stocks of WKY rats may have been distributed to major commercial suppliers as early as the F10 generation. 4 These observations raise the possibility of genetic heterogeneity among commercially available WKY rats in the United States. If so, comparisons of studies in which SHR and WKY rats have been employed, either between different laboratories or within a laboratory, may be much more problematic than previously recognized. To test the hypothesis that commercially available WKY rats are genetically heterogeneous, we performed deoxyribonucleic acid (DNA) "fingerprint" analysis on genomic DNA of WKY rats from two of the largest vendors in the United States. We found molecular evidence of genetic variability not only among WKY rats from two different breeding facilities, but also among WKY rats within one of these breeding facilities. Although some studies have suggested the possibility of biologic variability in SHR from different sources, 6 preliminary studies have not revealed molecular evidence of genetic heterogeneity in commercially available SHR in the United States.
Materials and Methods

DNA Fingerprint Analysis
Male SHR and WKY rats were obtained from Charles River Laboratories, Inc. (Wilmington, Massachusetts) and Taconic Farms (Germantown, New York). Genomic DNA (10 jig/sample), prepared from liver tissue by phenol/chloroform extraction, was digested overnight at 37° C with the restriction enzymes Hinf I or Alu I (New England Biolabs, Beverly, Massachusetts) and electrophoresed on a 1% agarose gel at 35 V for 18 hours. 7 In each experiment, the DNA samples from rats from different sources were processed simultaneously and run on a single gel. After overnight transfer to a nylon membrane, ultraviolet fixation, and a 15-minute prehybridization, the DNA was hybridized for 20 minutes at 50° C with an alkaline phosphataseconjugated oligonucleotide, TGG AGG AGG GCT GGA GGA GGG C (Molecular Biosystems Inc., San Diego, California), 8 corresponding to the core sequence of the human myoglobin 33.6 minisatellite described by Jeffreys et al. 9 This probe detects multiple loci scattered throughout the mammalian genome that contain tandem repeats of similar DNA sequence. 8 Because there is extensive variability in the number of tandem repeats at each of these loci, the probe can reveal different DNA restriction fragment patterns (i.e., different DNA fingerprints) in genetically different individuals.
8 -" After washing the membrane, the DNA fingerprint patterns were developed overnight in a buffered solution containing nitro blue tetrazolium and 5-bromo-4-chloro-3-indolyl phosphate as a substrate for the alkaline phosphatase attached to the probe (Molecular Biosystems, Inc., San Diego, California). 8 
Biochemical Genetic and Immunogenetic Analysis
To determine if standard genetic monitoring techniques used by commercial breeding facilities would reveal genetic heterogeneity in either SHR or WKY rats from different sources, blood and testis tissue samples were coded and submitted to Charles River Biotechnical Services, Inc. (Wilmington, Massachusetts) for biochemical genetic and immunogenetic studies. The biochemical genetic markers analyzed included alleles for hemoglobin /3 chain and the enzymes esterase-1, esterase-2, esterase-6, esterase-8, esterase-10, and peptidase-3; immunologic markers included alleles for three blood group alloantigens (RT2, RT3, and RT9) and alleles for the RT1 gene of the major histocompatibility complex. tories. Figure 1 depicts the results from DNA samples digested with Hinf I; Figure 2 , the results with Alu I. In all comparisons conducted to date (n=8), the DNA fingerprints of WKY rats from Taconic Farms have been distinctly different from those of the WKY rats from Charles River Laboratories. The DNA fingerprints have also revealed evidence of genetic heterogeneity within WKY rats obtained from a single source (Taconic Farms) (Figures 1 and 2) . We have not detected genetic heterogeneity within the WKY rats supplied by Charles River Laboratories; however, only two different shipments of rats (three rats per shipment) have been examined to date. In both Hinf I-and Alu I-digested DNA samples, the restriction fragment patterns of SHR rats from Taconic Farms have been identical to those of SHR rats from Charles River Laboratories (n=8) (examples in Figure 3) .
In contrast to the DNA fingerprint results, the biochemical genetic and immunogenetic marker studies in six different WKY rats failed to reveal evidence of genetic variability in the WKY rat strain; the marker patterns were identical for all animals and were reported compatible with the expected results for WKY rats (data not shown). In four SHR, the biochemical genetic and immu- 
nogenetic marker patterns were identical and were reported as compatible with the expected results for SHR (data not shown).
Discussion
In demonstrating that the DNA fingerprint patterns of WKY rats from Taconic Farms are different from those of WKY rats from Charles River Laboratories, the current study provides definitive molecular evidence of genetic heterogeneity among commercially available WKY rats in the Linked States. The findings are consistent with previous observations of biologic variability in WKY rats from different suppliers. 4 -5 It is possible that some of the observed genetic heterogeneity in WKY rats is a consequence of spontaneous mutation or genetic contamination of the WKY rat by other strains, a problem that has occurred with a number of commercially available inbred animals.
12
- 13 However, a more likely explanation for the genetic variability of commercially available WKY rats is that WKY rat breeders may have been distributed to Taconic Farms and Charles River Laboratories before the rats were fully inbred. 4 The observation of genetic differences among WKY rats from the same supplier (Taconic Farms) is consistent with the fact that Taconic Farms maintains their WKY colonies by random breeding. 4 In contrast, Charles River Laboratories maintains a program of brother-sister mating, 4 which may account for the apparent genetic consistency of their WKY rats at this time.
Preliminary DNA fingerprint analysis of SHR tissue has not revealed evidence of genetic variability in SHR from Taconic Farms or Charles River Laboratories. This observation is consistent with the fact that Taconic Farms and Charles River Laboratories received their original breeding stocks of SHR at generations F32 and F35, respectively (i.e., long after the strain had been fully inbred). between closely related rats by DNA fingerprinting does not exclude the possibility of genetic variability within a particular strain. Although DNA fingerprinting is a powerful technique for detecting genetic variability, 9 -" it cannot be expected to detect the limited residual heterozygosity that exists within "fully" inbred strains, 14 or relatively small alterations in DNA sequence that might arise by spontaneous mutation. The recent finding that supplemental dietary sodium chloride exacerbates the hypertension in SHR from Taconic Farms, but not the hypertension in SHR from Charles River Laboratories, raises the possibility of important genetic variability in commercially available SHR in the United States. 6 In the current study, DNA fingerprint analysis revealed clear evidence of genetic heterogeneity among WKY rats, but the standard immunogenetic and biochemical genetic monitoring techniques did not. Because we tested a relatively small number of rats, the failure to detect genetic heterogeneity with standard monitoring techniques may have been a consequence of sampling error. However, it should also be noted that the standard genetic monitoring techniques employed test a small number of loci involving only four linkage groups and most of these loci are dimorphic (just two possible alleles). Accordingly, the sensitivity of these techniques is relatively limited. In contrast, a single DNA fingerprint generated with a probe that hybridizes to tandem-repetitive minisatellite regions may reveal many loci with extensive restriction fragment length polymorphism. 9 As noted by Cramer, 13 many commercial breeding facilities have failed to genetically monitor their "inbred" rodent strains on a regular basis. Because most genetic monitoring techniques are complex, expensive, and time consuming, investigators maintaining their own breeding colonies may not conduct any type of genetic monitoring. In mice, the extent of genetic contamination of individual strains may be as high as 20%, and in rats the magnitude of the problem may be even greater. 13 If DNA fingerprinting with a single nonradioactive probe reveals unique restriction fragment patterns for a variety of inbred strains, it may represent a practical alternative to more complex and time-consuming methods of genetic monitoring such as allozyme/alloantigen analysis or skin grafting. The availability of a single, easily interpreted test may encourage commercial and research facilities to genetically monitor their animal colonies on a more frequent basis.
In demonstrating molecular genetic variability in WKY rats from different sources, the current study provides compelling evidence that rats designated WKY do not constitute an inbred strain. Accordingly, the results of studies in which SHR and WKY rats are compared might vary because of genetic heterogeneity in "the WKY rat control strain." Genetic variability in WKY rats could also make it difficult for an investigator to reproduce his or her own research with these animals. DNA fingerprinting may provide a useful tool for the genetic monitoring and quality control of inbred strains that could be employed not only by commercial breeders, but by individual investigators as well.
1988). It should be noted, however, that Charles River Laboratories maintains more than one colony of WKY rats; it remains to be determined whether the DNA fingerprints of WKY rats bred in the Wilmington, Massachusetts colony are similar to those of WKY rats bred in other Charles River colonies (e.g., the Kingston facility in Stone Ridge, New York).
